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Abstract
The tick Rhipicephalus microplus is responsible for the transmission of Anaplasma mar-
ginale, which causes hemolytic anemia, abortion, decreased production, and mortality in 
cattle in Brazil. However, A. marginale can also persist in cattle herds without any clinical 
signs. This study investigated the relationship between the number of ticks present on each 
cattle and the circulating number of A. marginale msp1β gene copies in the blood of Bran-
gus and Nellore cattle reared in the Brazilian Cerrado through a year period. Twenty-three 
animals (11 Brangus and 12 Nellore) were raised for 12 months with ticks counted every 
18 days, and blood collected every 36 days. Blood sera was used for total antigen iELISA, 
genomic DNA was extracted from whole blood by the phenol/chloroform method and then 
analyzed by PCR to confirm A. marginale presence with the msp5 gene. Positive samples 
were quantified by qPCR using msp1β gene. Brangus cattle presented 4.5 fold more ticks 
than Nellore group. Although Brangus cattle carried a higher overall A. marginale msp1β 
gene presence than Nellore cattle, no relationship of tick count and copy number could 
be achieved due to high variability in copy number. Moreover, both breeds showed simi-
lar weight gain and a similar serological pattern throughout the year. None of the animals 
showed any clinical signs of anaplasmosis during the experimental period, indicating that a 
low level of tick infestation may be sufficient to maintain a stable enzootic situation.
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Introduction
The Brazilian Cerrado biome is rich in diversity, although over the past decades, it has 
been fragmented by the rapid expansion of agribusiness (reviewed by Ratter et al. 1997), 
thereby generating billions of dollars for Brazil. In the year 2016, according to the Bra-
zilian Institute of Geography and Statistics (IBGE 2017), 216 million cattle were raised 
across the country, with the mid-western states accounting for 74 million of this total. 
Grisi et al. (2014) estimate an annual economic loss of $13.96 billion when considering 
the various parasites that affect the cattle production chain, with the tick R. microplus, a 
vector of many diseases, accounting for $3.24 billion of these losses.
One of those diseases is anaplasmosis, which is caused by the gram-negative bac-
terium Anaplasma marginale (Rickettsiales: Anaplasmataceae) (Dumler et  al. 2001), 
an obligate intracellular parasite that chronically infects cattle and wild animals. Ana-
plasma marginale spreads through the bites of infected ticks, flies, and mosquitoes, as 
well as through needles and surgical instruments (Aubry and Geale 2011). Anaplasma 
marginale is part of the bovine tick-borne diseases (TBDs) complex, together with 
Babesia bigemina and Babesia bovis, which exert an economic impact through direct 
costs related to mortality and morbidity and indirect costs related to disease treatment 
and prevention (Madruga et al. 1986).
The ability of A. marginale to evade the immune system allows for a subsequent reinva-
sion of the host erythrocytes, which in turn allows the infection of new vectors; according 
to Futse et al. (2003), the rate of infection of R. microplus by A. marginale may reach 92% 
because they feed on the chronic carriers of the disease (Kocan et al. 1992). However, an 
equilibrium can be maintained in persistently infected animals that show no clinical signs 
of the disease. This concept is known as enzootic stability and was proposed by Mahoney 
and Ross (1972) for babesiosis.
The enzootic stabilities of (A) marginale, (B) bovis, and B. bigemina have been studied 
in several regions of Brazil (Almeida et al. 2006; Costa et al. 2018), where most of the pop-
ulations show enzootic stability for at least one of the three etiological agents of TBDs. The 
objective of this study was to estimate A. marginale infection levels and the relationship 
between the number of ticks and the number of circulating copies of A. marginale msp1β 
gene of Brangus and Nellore breeds in the rearing phase in the Cerrado.
Materials and methods
Area and climate
The study was conducted at the farm of the Agropecuária Sanyo group, which is located 
in the municipality of Água Clara, Mato Grosso do Sul, Brazil (20° 46′ 24″ S, 52° 32′ 
24″ W, 309  m altitude). The pasture was cultivated with Urochloa (Brachiaria) decum-
bens in sandy soil. The state of Mato Grosso do Sul has a humid tropical climate; the dry 
season lasts 1–3 months and has an average temperature above 18 °C throughout the year. 
Água Clara is located in the Bolsão region of Mato Grosso do Sul. According to Flumigan 
et  al. (2015), it has a rainy season from December to February, with rainfall decreasing 
between March and May, after which the dry season starts; the dry season ends in August, 
as the rainy season gradually begins and progresses until December. Meteorological data 
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were obtained from the Weather and Climate Monitoring Center of Mato Grosso do Sul 
(CEMET/MS) from June 2016 to June 2017.
Animals and collections
All of the procedures with the animals were performed according to the standards that have 
been published by the National Council for the Control of Animal Experimentation (CON-
CEA), and the project was approved by the Ethics Committee on Animal Use (CEUA) of 
Embrapa Beef Cattle, protocols 01/2016 and 08/2014. In total 23 growing bulls were used 
(11 Brangus and 12 Nellore), of ca. 8–10 months old; the bulls were naturally infested 
and kept at a density of 0.6 animals per ha; no acaricides and prophylactic treatment (for 
anaplasmosis and babesiosis) were performed. The collections occurred from June 2016 to 
June 2017 at intervals of 18 days for tick count and 36 days for blood collection. Blood was 
collected from the caudal vein using 4 ml Vacutainer (BD Biociences, São Paulo, Brazil) 
tubes with or without ethylenediaminetetraacetic acid (EDTA). The samples were stored at 
4 °C and then sent to the laboratory for processing and analysis.
Tick count
Tick count was performed according to Wharton and Utech (1970), where ticks of 
4.5–8 mm were counted along the entire body on both sides of each animal. Subsequently, 
the counts from both sides of the animals were summed and bulls were divided into two 
homogeneous groups at the beginning of the experiment. Every 18 days, the ticks on each 
side were counted, and the bulls were weighed on a digital scale (Coimma, Dracena - SP) 
from the modal day until the end of the experiment.
gDNA extraction
Genomic DNA was extracted based on Di Pietro et al. (2011) with modifications. Briefly, 
300 µl of bovine blood was used, to which 2 µl of proteinase K (20 mg/ml) and 500 µl of 
20% sodium dodecyl sulfate (SDS) were added in a 2-ml tube. The samples were incu-
bated for 1 h in a water bath at 65 °C. After the incubation period, 800 µl of chloroform 
was added, and the samples were vigorously vortexed for homogenization. Then, 350 µl of 
protein precipitation solution was added (6 ml of potassium acetate, 1.1 ml of glacial acetic 
acid and 2.9 ml of water), and the samples were centrifuged for 10 min at 18,000 g. The 
aqueous phase was transferred to a new tube, 1 ml of 100% ethanol at 4 °C was added, and 
the samples were stored overnight in a freezer at − 20 °C for DNA precipitation. After this 
period, the samples were centrifuged at 13,000 rpm for 5 min, after which the supernatant 
was discarded, and 1 ml of 70% ethanol was added, and the samples were centrifuged again 
at 13,000 rpm for 2 min. Then, the pellet was dried in a digital dry bath (D130XX series, 
Labnet International) at 37 °C, and the DNA was resuspended in 50 µl ultrapure water and 
eluted in a water bath for 30 min at 65 °C.
The samples were quantified by spectrophotometry in a NanoDrop (Thermo Fisher Sci-
entific, Waltham, MA, USA). Only samples with  A260 > 1.8 and  A280 = 2.0–2.2 were used 
for the final dilution to 100 ng/µl and were stored in a freezer at − 80 °C.
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PCR
The samples were screened for A. marginale with quantitative polymerase chain reaction 
(PCR) according to the technique of Echaide et al. (1998) for the msp5 gene. The follow-
ing primers were used for the msp5 gene: forward, 5’-GCA TAG CCT CCC CCT CTT TC-3’ 
- msp5 position 254–273, and reverse, 5’-TCC TCG CCT TGC CCC TCA GA-3’ - msp5 posi-
tion 710–692. The reaction mixture consisted of 2.5 µl of 10x buffer (1x), 0.75 µl of  MgCl2 
(50 mM), 0.5 µl of dNTPs (2.5 mM/Invitrogen by Life Technologies), 0.5 µl of forward and 
reverse primers (10 pmoles), 0.3 µl of Taq (Ludwig Biotec), 1 µl of DNA (100 ng/µl) and 
ultrapure water that was added to a final volume of 25 µl. The reaction followed the follow-
ing parameters: 95 °C/3 min, followed by 40 cycles of 95 °C/30 s, 65 °C/1 min, 72 °C/45 s, 
and a final extension step of 72 °C/10 min. The PCR product was visualized on a 1.5% aga-
rose gel and was stained with ethidium bromide (EtBr) using a 100 bp marker (Bio-Rad, 
Hercules, CA, USA).
qPCR
The qPCR analysis was performed as previously reported (Carelli et  al. 2007). Species-
specific fluorescent primers and probes for the msp1β gene of A. marginale were designed 
in primer3 software (forward 5’-TTG GCA AGG CAG CAG CTT -3’, probe 5’-/56-FAM/TCG 
GTC TAA/ZEN/CAT CTC CAG GCT TTCAT and reverse 5’-TTC CGC GAG CAT GTG CAT 
-3’) and were produced by Integrated DNA Technologies (IDT, Coralville, IA, USA). A 
10-µl aliquot of the reaction mixture was loaded into each well (5 µl of iTaq, 0.5 µl of F 
primer, 0.5 µl of R primer, 3 µl of  H2O and 1 µl of diluted sample for a final concentration 
of 100  ng/µl of DNA) in duplicate. Negative controls contained ultrapure water or mix 
instead of the sample. The calibration curve was calculated using gBlocks gene fragments 
(IDT) that had the same size as the target fragment (95-bp sequence of the msp1β gene 
of A. marginale), which was diluted following manufacturer’s recommendations, and the 
standard curve was optimal from  10− 1 to  10− 10 ng/µl. After a preliminary test, concentra-
tions of  10− 5 to  10− 10 were used in triplicate as internal controls in each 98-well plate. 
Samples were analyzed using the StepOne Plus Real Time PCR System (Thermo Fisher 
Scientific) using an activation cycle of iTaq DNA polymerase at 95 °C for 10 min, followed 
by 45 cycles of denaturation at 95 °C for 45 s and an annealing/extension cycle at 60 °C 
for 1 min. The reaction signal was recorded during the extension step, and the data were 
analyzed using the StepOne software v.2.3.
iELISA
For antigen detection of IgG class anti-A. marginale, the indirect ELISA (iELISA) tech-
nique was used, following the protocol described by Machado et al. (1997) for B. bovis and 
modified for A. marginale by Andrade et al. (2004). Total antigen from A. marginale, pro-
duced by Laboratório de Imunoparasitologia da FCAV/UNESP Jaboticabal, in an optimal 
concentration of 10 µg/ml was diluted in 0.5 M carbonate/bicarbonate buffer, pH 9.6. After 
12 h incubation at 4 °C, the plate block was created with PBS Tween 20 (pH 7.2), adding 
6% powdered skim milk (Molico, Nestlé, Brazil). The 96-well plates (Maxisorp; Nunc, 
Thermo Scientific, Brazil) were incubated for 90  min at 37  °C within a moist chamber. 
After three washes with PBS Tween 20 buffer, the positive, negative, and reference sera 
were added (all diluted 1:400 in PBS Tween + 5% rabbit normal sera). The plates were then 
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incubated at 37 °C for 90 min in a moist chamber. After three washes with PBS Tween 
20, the bovine anti-IgG conjugates linked to alkaline phosphatase (Sigma, St. Louis, MO, 
USA) and diluted 1:30000 in PBS Tween + normal 5% rabbit sera were added to the plates 
and washed again. Then, the alkaline phosphatase subtract p-nitrophenil phosphate (Sigma) 
was diluted in 1 mg/ml diethanolamine pH 9.8 buffer. The plates were sealed in aluminum 
foil and incubated for 30 min at room temperature. The plates were then read at 405 nm 
wavelength on a micro-ELISA reader (B.T.-100; Embrabio, São Paulo, Brazil).
DNA copy number calculation
Using the qPCR results, the number of target DNA molecules in each reaction was calcu-
lated according to the following formula described by Ke et al. (2006): NC = [6.022 × 1023 
(copies/mol) × concentration (g/mol)] / molecular mass (g/l), where 6.022 × 1023 is Avoga-
dro’s number, and the molecular mass is the average molecular weight of double-stranded 
DNA (330 × 2) multiplied by the size of the cloned fragment.
Statistical analysis
R v.3.6.1 software was used for statistical analysis. A Kolmogorov-Smirnov test was per-
formed to check data normality, and then a Mann-Whitney U test was used to compare the 
weight, number of ticks and copy number of A. marginale msp1β for both breeds as the 
data did not present normal distribution. The frequencies of positive animals obtained in 
the iELISA and qPCR for both breeds were analyzed using a χ2 test. For all tests, α = 0.05.
Results
Field data
Only R. microplus ticks were observed in both breeds throughout the year, and 
the Brangus group had an average tick count of 4.5 more than the Nellore group 
(mean ± SD = 45.51 ± 20.91 vs. 10.08 ± 2; Mann-Whitney U test: p < 0.01) (Figs.  1 and 
2a). The Brangus bulls had a mean (± SD) weight of 231 ± 18.1 kg at the beginning and 
381 ± 29.6 kg at the end of the experimental period (Fig. 1). The Nellore cows weighed 
208 ± 23.4  kg at the beginning and 389 ± 38.4  kg at the end of the experimental period 
(Fig. 1). These weights did not differ between breeds (Mann-Whitney U test: p > 0.05). The 
Brangus bulls had a mean (± SD) monthly weight gain of 13.7 ± 8.1 kg, whereas for Nel-
lore weight gain was 16.5 ± 8.7 kg.
Mean (± SD) temperature was 24.9 ± 2.8 °C, humidity was 66.9 ± 4.5%, and rainfall was 
33.4 ± 18.6 mm during the sampling period (Fig. 1).
PCR, qPCR and ELISA
The screening of PCR samples from all bulls showed the presence of the msp5 gene of A. 
marginale. Of the 276 qPCR samples, 275 tested positive for A. marginale, and the Bran-
gus group had sixfold more copies than the Nellore group (mean ± SD = 2758.9 ± 1205.2 
vs. 431.1 ± 425.9; Mann-Whitney U test: p < 0.01) (Table  1; Fig.  2b). The overall 
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Fig. 2  Mean (± SE) number of a ticks and b DNA copies (per cattle breed) of Brangus and Nellore cattle 
from June 2016 to June 2017 at 36-day intervals
Table 1  Parameters for qPCR analysis of Anaplasma marginale msp1β gene obtained from gDNA extracted 
from Brangus (n = 132) and Nelore (n = 144) cattle in the period ranging from June 2016 to June 2017 in 
the Cerrado-MS
E efficiency of amplification, R2 determination coefficient, Cq quantification cycle, SQ starting DNA quan-
tity: number of copies of a 95-bp fragment from A. marginale msp1β gene
E R2 Slope y-intercept Cq SQ
Nellore Brangus Nellore Brangus
Max 105.82 0.995 − 3.491 41.891 36.20 38.89 1.75 × 104 2.10 × 104
Min 93.4 93.4 − 3.19 33.285 20.84 0.0 0.218
Mean 98.75 98.75 − 3.374 38.032 26.87 26.12 545 2870
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prevalence of A. marginale determined by antibody detection was 11.4% for Brangus and 
11.8% for Nellore cattle.
Discussion
This study observed the development of Brangus and Nellore cows in the growing phase 
during a 1-year period in the Brazilian Cerrado and determined the presence of the agent 
A. marginale, the number of circulating copies, the host’s immune response, and the rela-
tionship of these factors to the number of ticks.
Climate and ticks
The distribution of many invertebrates is known to be regulated by temperature and rain-
fall, and ticks are no exception (Estrada-Peña et  al. 2005; Korotkov et  al. 2015). In par-
ticular, the tick R. microplus, which has a monoxenous cycle, is distributed between 32° N 
and 32° S, with some sporadic outbreaks in the 35° parallel. These regions have a tropical 
climate, and Brazil is characterized as an endemic region for the tick R. microplus and 
the diseases it transmits. The mean temperature and humidity throughout the period were 
25 °C and 66%. In the Cerrado region annually, 3–4 tick generations are observed, three of 
them in the rainy season from October to April, when greater infestations occur (Gomes 
et  al. 1988). However, we also observed high tick infestations in Brangus cows within 
a period that coincides with the onset of the rearing phase and associated stress factors 
(Bianchin et al. 2007), along with the dry season (Flumigan et al. 2015), possibly contrib-
uting to sufficient maintenance of the tick population during the most challenging months 
for its survival.
Weaning, age of growing bulls in the rearing phase and the cerrado conditions
In areas of enzootic stability where cows are constantly infected, calves are presumed to 
have a greater resistance to developing TBDs because they have acquired enough antibod-
ies through the colostrum to fight it (Madruga et al. 1987), they have greater cellular immu-
nity and the presence of serum resistance factors (Madruga et al. 1985), and transplacental 
transmission could also occur (Costa et al. 2016). Although the Mato Grosso do Sul region 
is characterized as an area of enzootic stability, critical periods of low humoral resistance 
may occur (Madruga et al. 1983). Moreover, it is possible that clinical cases of babesiosis 
can occur, which is a condition that is associated with anaplasmosis in the TBD complex.
However, the weaning period can generate stressful conditions that may result in 
immune suppression in calves (Hulbert et al. 2011). In addition, the early rearing phase, 
which is often accompanied by cattle transport stress (Trunkfield and Broom 1990; Broom 
2003), is concomitant with the beginning of the dry season in the Cerrado, especially in 
the state of Mato Grosso do Sul, where pasture availability is of low quality due to degra-
dation (Andreotti et al. 2018); this factor may cause nutritional stress to the animal, sup-
pressing its immune system even further (Carroll and Forsberg 2007). In addition to the 
breed of the cattle, these factors that are associated with the early phase were evaluated 
when there is a higher occurrence of ticks, and this choice may have contributed to the 
large number and infestation of animals of the Brangus group. Thus, previous evaluation 
of tick resistance to insecticides (Drummond et al. 1973), followed by a proper method of 
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application and product choice (Higa et al. 2019), should be considered for strategic treat-
ment in 21-day intervals during the dry period in the Cerrado region (June to August), as 
suggested by Bonatte-Junior et al. (2019), to ease such effects for these animals during the 
growing phase.
Detection by PCR, quantification by qPCR and serology
Antibody levels detected for each animal and sample every 36  days in a 1-year period 
showed a low percentage of positive samples and did not reflect the results obtained by 
PCR and qPCR analysis. All animals of both breeds had A. marginale detected by the PCR 
technique as well as by the qPCR technique, which proved to be extremely sensitive for 
the detection of A. marginale, in a result similar to that of Carelli et al. (2007) and Giglioti 
et al. (2018). The mean number of circulating A. marginale copies was sixfold higher in 
the Brangus than in Nellore individuals. One possible explanation for the difference in tick 
count in each breed could be if the Nellore animals had a rapid response against the ticks 
and were thus exposed to fewer A. marginale, whereas the Brangus animals may have had 
a higher tick load and consequently showed greater inoculation of rickettsial agents.
However, similar to the results observed by Giglioti et  al. (2016), it was possible to 
observe substantial fluctuation in the number of copies of A. marginale in the blood of 
growing bulls over time when comparing the tick infestations between blood collections 
(36 days). Previous studies have shown that there is no association between the number 
of ticks and the circulating number of pathogen copies (Giglioti et al. 2016, 2017), indi-
cating that this factor cannot be attributed as a cause of variation. Anaplasma marginale 
infects the epithelial cells of the tick gut, then migrates through the hemolymph and colo-
nizes the salivary glands (Kocan et al. 1992). After the primary infection and an incubation 
period of 7–60 days in the host (Kocan et al. 2003, 2004), a replication cycle occurs in the 
erythrocytes, and the infected erythrocytes are removed through the mononuclear phago-
cyte system. In cattle, acute infection is characterized by increasing bacteremia in infected 
erythrocytes, peaking at 2–6 weeks after infection and reaching ≥ 106 bacteria per ml of 
blood (Eriks et al. 1993; de la Fuente et al. 2002). Those fluctuations could be attributed 
to A. marginale antigenic variation responsible for immune evasion (Graça et  al. 2015) 
and different strains (Quiroz-Castañeda et al. 2016) within the herd and/or animal (Silva 
et al. 2015; Ramos et al. 2019). However, the persistent infection in hosts throughout their 
lifespans can be kept in circulation within the herd by other well-known agents as mechani-
cal vectors, such as tabanid horse flies (Hornok et al. 2008) and mosquitoes (Ristic 1977). 
Anaplasma marginale transmission by flies such as Stomys calcitrans cannot be discarded 
as they were observed during the experimental period but not collected; however, their 
ability to transmit this infection mechanically is questionable (Scoles et al. 2005).
The role of ticks as a vector of A. marginale is unquestionable, but there remains a gap 
in the cycle, as transtadial and interstadial transmissions have been reported (Aguirre et al. 
1994), but not transovarial transmission (Raoult and Roux 1997), and newborn larvae of 
R. microplus are not infected with this Rickettsia. Moreover, when larvae feed, they rarely 
change hosts; typically, such change behavior is performed by adult males (Kessler 2001), 
making the tick a multiplier of A. marginale through feeding on persistently infected hosts 
in zones of enzootic stability.
Ticks are known to promote immunosuppression at the site of their bites through secret-
ing substances in their saliva (Kazimírová and Štibrániová 2013; Perner et al. 2018) and 
by stimulating animals’ inappetence; these factors are potentiated by the number of ticks 
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during infestation. Few bulls had specific antibodies against A. marginale. This may be 
attributed to the antigenic variation of A. marginale (Graça et al. 2015) which enables it 
to evade the immune system and chronically infect its hosts, making them a reservoir for 
other vectors.
According to Eriks et al. (1993), who studied A. marginale in Dermacentor andersoni, 
persistently infecting cattle showed fluctuating Rickettsia levels during the 5th week of a 
24-week period, with between < 104 and  107 infected erythrocytes per ml of blood, and 
levels < 104 were maintained for 4–8 days in each 5-week cycle. This fact may also be 
related to the highly fluctuating number of copies that were observed in this study.
Despite showing natural resistance against tick infestations, the Nellore cattle presented 
similar rates as the Brangus cattle in the ELISA test, thus requiring a smaller number of 
ticks to generate a response similar to a Brangus individual with on average 4.5-fold more 
ticks. Frisch (1999) attributed this difference to the fact that certain cattle species have 
already shared their environment with ticks for a long time and have consequently devel-
oped a large number of genes with smaller effects. In addition, such differences can also 
be explained by the long historical association between Bos indicus and ticks (Sutherst 
and Utech 1981), self-grooming behavior (Snowball 1956), and morphological differences 
(Verissimo et al. 2015).
Piper et al. (2009) showed that B. indicus developed a stable T-cell-mediated response 
to infestation by ticks and reported its cell and leukocyte profile. Bos taurus cows showed 
cellular and gene expression patterns that were consistent with an innate response, inflam-
matory response to infestation, and high tick-specific IgG1 titers, suggesting that these ani-
mals also develop a T-cell response to infestation. The immune responses of frequently 
infected cows that are exposed to antigen inoculants are sufficient to keep blood parasites 
at low levels without eliminating them completely from the organism (Giglioti et al. 2017). 
Despite the natural resistance exhibited by the Nellore animals, the present study also 
found variation in individuals of the same breed, as observed by Piper et  al. (2009) and 
Andreotti et al. (2018).
Enzootic stability and breeds reared in the Cerrado
Integrated pest management can be used to achieve enzootic stability because it combines 
strategies of environmental manipulation and chemical and biological control and can 
reduce arthropod populations that are in disequilibrium (Zucchi 1990). Some strategies, 
such as immersion baths, do not disturb the enzootic equilibrium (Smith et al. 2000); how-
ever, their misuse can cause a decline in the tick population for a prolonged period that is 
sufficient to reduce the inoculation rate necessary to maintain enzootic stability but not 
enough to eliminate the TBD parasites.
According to the predictions of Gomes et al. (1988), an ideal number of ticks to achieve 
enzootic stability in purebred Nellore cows would be an annual population of 3–4 engorged 
females/day. Our study observed an average of 10 engorged females/day. In turn, crossbred 
animals (4/8 Nellore and 4/8 European) were expected to have mean annual populations 
of 20–25 engorged females/day could lead to a 5.5 kg/animal/year weight loss in terms of 
herd that could be worrying from a sanitary and economic point of view. Also Ibagé ani-
mals (3/8 Nellore and 5/8 Angus) exhibited populations of 60 engorged females/day under 
the same conditions (Gomes et al. 1988). The Brangus animals (3/8 Nellore and 5/8 Angus) 
in our study had an average of 45 engorged females/day. At the end of the study period, no 
severe weight loss was observed, and both breeds had similar weight averages (381 kg for 
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Brangus and 389 kg for Nellore). In addition, location and climatic variation can greatly 
affect enzootic stability, as demonstrated by previous researchers (Smith et al. 2000) who 
observed that sites with fewer generations of ticks per year may present moments of insta-
bility because there are periods when the tick population is relatively small and, thus, there 
is no minimum level of parasite inoculation.
Andreotti et  al. (2018) showed that crossbred animals (Brangus) have higher rates of 
infestation by ticks, even when they are reared with Zebu cows. Throughout the year, the 
infection rate by A. marginale remains constant, as corroborated by data presented by 
Giglioti et al. (2018); thus, maintaining tick infestation at low levels may be advantageous 
for the herd when the animals are exposed at early ages, as this is the period when the 
immune system is maturing and responds more efficiently (Madruga et al. 1983). However, 
in situations of stress—such as unfavorable environmental conditions, the weaning phase, 
and poor nutrition due to poor quality pastures—this strategy may have the reverse effect 
and lead to the development of anaplasmosis and other diseases.
Conclusions
Despite the higher number of ticks, no relation of a standard number of circulating cop-
ies of A. marginale msp1β gene per tick could be achieved, possibly due to interactions of 
the host and bacteria evasion mechanisms. No relation was found between the number of 
ticks and the number of A. marginale msp1β gene copies in naturally infested and untreated 
Brangus and Nellore bulls in the rearing phase in the Cerrado. There were no clinical signs 
of disease and no apparent losses in population weight gain throughout the year. Therefore, 
the maintenance of enzootic stability by maintaining a low number of ticks in contact with 
the bovine population and combining this stability with the strategic control of the TBD 
vectors could help maintain enzootic equilibrium, preventing moments of enzootic instabil-
ity and the emergence of clinical signs of TBDs. Although the literature about certain vec-
tors (primarily mosquitoes and flies) and A. marginale transmission goes back a long time, 
new studies should be conducted due to changes in habitat (such as degradation), climate, 
and vector population dynamics.
Acknowledgements The authors thank Agropecuária Sanyo and Ernesto Lyo Nakashima. This study 
was financed in part by the Brazilian Federal Agency for Support and Evaluation of Graduate Education 
(CAPES) - Finance Code 001”, the Brazilian National Council for Scientific and Technological Develop-
ment (CNPq), and the Foundation for Support to the Development of Education, Science and Technology of 
Mato Grosso do Sul (Fundect, MS) – State Government of Mato Grosso do Sul.
Author contributions RA led the study conception and fund raising. All authors contributed to the study 
design. Material preparation, data collection, and analysis were performed by KRM, LSOH, PBJR, MVG, 
POD, BGC, and JBC. The first draft of the manuscript was written by KRM, and all authors commented on 
previous versions of the manuscript. All authors read and approved the final manuscript.
References
Andrade GM, Machado RZ, Vidotto MC, Vidotto O (2004) Immunization of bovines using a DNA vaccine 
(pcDNA3.1/MSP1b) prepared from the Jaboticabal strain of Anaplasma marginale. Ann N Y Acad Sci 
1026:257–266. https ://doi.org/10.1196/annal s.1307.040
Author's personal copy
 Experimental and Applied Acarology
1 3
Aguirre DH, Gaido AB, Vinabal AE, De Echaide ST, Guglielmone AA (1994) Transmission of Ana-
plasma marginale with adult Boophilus microplus ticks fed as nymphs on calves with different lev-
els of rickettsaemia. Parasite 1(4):405–407. https ://doi.org/10.1051/paras ite/19940 14405 
Almeida MBD, Tortelli FP, Riet-Correa B, Ferreira JLM, Soares MP, Farias NAR et al (2006) Tristeza 
parasitária bovina na região sul do Rio Grande do Sul: estudo retrospectivo de 1978–2005. Pes-
quisa Vet Bras 26:237–242. https ://doi.org/10.1590/S0100 -736X2 00600 04000 08
Andreotti R, Barros J, Valerio GM, Rodrigues SV, Higa L, Duarte OP et al (2018) Cattle tick infesta-
tion in Brangus cattle raised with Nellore in central Brazil. Semina 39(3):1099–1115. https ://doi.
org/10.5433/1679-0359.2018v 39n3p 1099
Aubry P, Geale DW (2011) A review of bovine anaplasmosis. Transbound Emerg Dis 58(1):1–30. https 
://doi.org/10.1111/j.1865-1682.2010.01173 .x
Bianchin I, Catto BJ, Kichel NA, Torres AA, Honer MR (2007) The effect of the control of endo- and 
ectoparasites on weight gains in crossbred cattle (Bos taurus taurus × Bos taurus indicus) in the 
central region of Brazil. Trop Anim Health Prod 39(4):287–296.  https ://doi.org/10.1007/s1125 
0-007-9017-1
Bonatte-Junior P, Rodrigues VS, Garcia MV, Higa LOS, Zimmermann NP, Barros JC et al (2019) Eco-
nomic performance evaluation of Brangus and Nellore cattle breed naturally infested with Rhipi-
cephalus microplus in an extensive production system in Central–West Brazil. Exp Appl Acarol 
78:565. https ://doi.org/10.1007/s1049 3-019-00404 -1
Broom D (2003) Transport stress in cattle and sheep with details of physiological, ethological and other 
indicators. Dtsch Tierarztl Wochenschr 110(3):83–89
Carelli G, Decaro N, Lorusso A, Elia G, Lorusso E, Mari V et al (2007) Detection and quantification 
of Anaplasma marginale DNA in blood samples of cattle by real-time PCR. Vet Microbiol 124(1–
2):107–114. https ://doi.org/10.1016/j.vetmi c.2007.03.022
Carroll JA, Forsberg NE (2007) Influence of stress and nutrition on cattle immunity. Veterinary clinics 
of North America. Food Anim Pract 23(1):105–149. https ://doi.org/10.1016/j.cvfa.2007.01.003
Costa SCL, de Magalhães VCS, de Oliveira UV, Carvalho FS, de Almeida CP, Machado RZ et al (2016) 
Transplacental transmission of bovine tick-borne pathogens: Frequency, co-infections and fatal 
neonatal anaplasmosis in a region of enzootic stability in the northeast of Brazil. Ticks Tick Borne 
Dis 7(2):270–275. https ://doi.org/10.1016/j.ttbdi s.2015.11.001
Costa VMM, Ribeiro MFB, Duarte GAFP, Soares JF, Azevedo SS, Barros ATM et al (2018) Incidência 
de Anaplasma marginale, Babesia bigemina e Babesia bovis em bezerros no semiárido paraibano. 
Pesquisa Vet Bras 38:605–612. https ://doi.org/10.1590/1678-5150-pvb-4786
De la Fuente J, Bussche VDRA, Garcia-Garcia JC, Rodriguez SD, Garcia MA, Guglielmone AA et al 
(2002) Phylogeography of new world isolates of Anaplasma marginale based on major surface pro-
tein sequences. Vet Microbiol 88:275–285. https ://doi.org/10.1016/s0378 -1135(02)00122 -0
Di Pietro F, Ortenzi F, Tilio M, Concetti F, Napolioni V (2011) Genomic DNA extraction from whole blood 
stored from 15- to 30-years at – 20 °C by rapid phenol–chloroform protocol: a useful tool for genetic 
epidemiology studies. Mol Cell Probes 25(1):44–48. https ://doi.org/10.1016/j.mcp.2010.10.003
Drummond RO, Ernst SE, Trevino JL, Gladney WJ, Graham OH (1973) Boophilus annulatus and Boo-
philus microplus: laboratory tests of insecticides. J Econ Entomol 66(1):130–133. https ://doi.
org/10.1093/jee/66.1.130
Dumler JS, Barbet AF, Bekker CP, Dasch GA, Palmer GH, Ray SC et al (2001) Reorganization of genera 
in the families Rickettsiaceae and Anaplasmataceae in the order Rickettsiales: unification of some 
species of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and Ehrlichia with Neorickettsia, 
descriptions of six new species combinations and designation of Ehrlichia equi and ‘HGE agent’ 
as subjective synonyms of Ehrlichia phagocytophila. Int J Syst Evol Microbiol 51(6):2145–2165. 
https ://doi.org/10.1099/00207 713-51-6-2145
Echaide AT, Knowles DP, Mcguire TC, Palmer GH, Suarez CE, Mcelwain TF (1998) Detection of cat-
tle naturally infected with Anaplasma marginale in a region of endemicity by nested PCR and a 
competitive enzyme-linked immunosorbent assay using recombinant major surface protein 5. J Clin 
Microbiol 36(6):777–782
Eriks IS, Stiller D, Palmer GH (1993) Impact of persistent Anaplasma marginale rickettsemia on tick 
infection and transmission. J Clin Microbiol 31(8):2091–2096
Estrada-Peña A, Acedo CS, Quílez J, Del Cacho E (2005) A retrospective study of climatic suitability 
for the tick Rhipicephalus (Boophilus) microplus in the Americas. Glob Ecol Biogeogr 14(6):565–
573. https ://doi.org/10.1111/j.1466-822X.2005.00185 .x
Flumignan DL, Fietz CR, Comunello E (2015) O clima na região do Bolsão de Mato Grosso do Sul. 
Dourados: EMBRAPA Agropecuária do Oeste. Documentos EMBRAPA Agropecuária do Oeste, 
Dourados, p 42
Author's personal copy
Experimental and Applied Acarology 
1 3
Frisch JE (1999) Towards a permanent solution for controlling cattle ticks. Int J Parasitol 29:57–71. https ://
doi.org/10.1016/S0020 -7519(98)00177 -5
Futse JE, Ueti MW, Knowles DP, Palmer GH (2003) Transmission of Anaplasma marginale by Boophilus 
microplus: retention of vector competence in the absence of vector-pathogen interaction. J Clin Micro-
biol 41(8):3829–3834
Giglioti R, Oliveira HN, Santana CH, Ibelli AMG, Neo TA, Bilhassi TB et  al (2016) Babesia bovis and 
Babesia bigemina infection levels estimated by qPCR in Angus cattle from an endemic area of Sao 
Paulo state, Brazil. Ticks Tick Borne Dis 7(5):657–662. https ://doi.org/10.1016/j.ttbdi s.2016.02.011
Giglioti R, Oliveira HN, Ibelli AMG, Bilhassi TB, Neo TA, Santana CH et al (2017) Neither quantification 
by qPCR nor quantitative Elisa can be used to discriminate Angus cattle for resistance/susceptibility to 
Babesia bovis. Ticks Tick Borne Dis 8(3):335–340. https ://doi.org/10.1016/j.ttbdi s.2016.11.008
Giglioti R, De Oliveira HN, Bilhassi TB, Portilho AI, Okino CH, Marcondes CR et al (2018) Estimates of 
repeatability and correlations of hemoparasites infection levels for cattle reared in endemic areas for 
Rhipicephalus microplus. Vet Parasitol 250:78–84. https ://doi.org/10.1016/j.vetpa r.2017.12.010
Gomes A, Honer HR, Schenk MAH, Curvo JBE (1988) Populations of cattle tick (Boophilus microplus) on 
purebred Nellore, Ibage and Nellore × European crossbreds in the Brazilian savannah. Trop Animal 
Health Prod 21(1):20–24
Graça T, Paradiso L, Broschat SL, Noh SM, Palmera GH (2015) Primary structural variation in Anaplasma 
marginale Msp2 efficiently generates immune escape variants. Infect Immun 83(11):4178–4184. https 
://doi.org/10.1128/IAI.00851 -15
Grisi L, Leite RC, Martins JR, Barros AT, Andreotti R, Cancado PH, Leon AA et al (2014) Reassessment of 
the potential economic impact of cattle parasites in Brazil. Rev Bras Parasitol Vet 23(2):150–156. https 
://doi.org/10.1590/S1984 -29612 01404 2
Higa LOS, Garcia MV, Rodrigues VS, Bonatte-Junior P, Piña FTB, Barros JC, Andreotti R (2019) Effects 
of cypermethrin, chlorpyrifos and piperonyl butoxide-based pour-on and spray acaricides on control-
ling the tick Rhipicephalus microplus. Syst App Acarol 24(2):278–286. https ://doi.org/10.11158 /
saa.24.2.10
Hornok S, Földvári G, Elek V, Naranjo V, Farkas R, de la Fuente J (2008) Molecular identification of Ana-
plasma marginale and rickettsial endosymbionts in blood-sucking flies (Diptera: Tabanidae, Musci-
dae) and hard ticks (Acari: Ixodidae). Vet Parasitol 154(3–4):354–359. https ://doi.org/10.1016/j.vetpa 
r.2008.03.019
Hulbert LE, Cobb CJ, Carroll JA, Ballou MA (2011) The effects of early weaning on innate immune 
responses of Holstein calves. J Dairy Sci 94(5):2545–2456. https ://doi.org/10.3168/jds.2010-3983
IBGE (2017) Pesquisa Agrícola Municipal. Rio de Janeiro: IBGE. Sistema IBGE de Recuperação 
Automática sidra. Banco de Dados Agregados. http://www.sidra .ibge.gov.br/bda/acerv o9.asp. 
Accessed 05 May 2019
Kazimírová M, Štibrániová I (2013) Tick salivary compounds: their role in modulation of host defences and 
pathogen transmission. Front Cell Infect Microbiol 3:43. https ://doi.org/10.3389/fcimb .2013.00043 
Ke GM, Cheng HL, Ke LY, Ji WT, Chulu JL, Liao MH et al (2006) Development of a quantitative Light 
cycler real-time RT-PCR for detection of avian reovirus. J Virol Methods 133(1):6–13. https ://doi.
org/10.1016/j.jviro met.2005.09.011
Kessler RH (2001) Considerações sobre a transmissão de Anaplasma marginale. Pesquisa Vet Bras 
21(4):177–179
Kocan KM, Stiller D, Goff WL, Claypool PL, Edwards W, Ewing SA et al (1992) Development of Ana-
plasma marginale in male Dermacentor andersoni transferred from parasitemic to susceptible cattle. 
Am J Vet Res 53(4):499–507
Kocan KM, de la Fuente J, Guglielmone AA, Meléndez RD (2003) Antigens and alternatives for control 
of Anaplasma marginale infection in cattle. Clin Microb Rev 16(4):698–712. https ://doi.org/10.1128/
CMR.16.4.698-712.2003
Kocan KM, de la Fuente J, Blouin EF, Garcia-Garcia JC (2004) Anaplasma marginale (Rickettsiales: Ana-
plasmataceae): recent advances in defining host-pathogen adaptations of a tick-borne rickettsia. Parasi-
tology 129:S285–S300
Korotkov Y, Kozlova T, Kozlovskaya L (2015) Observations on changes in abundance of questing Ixodes 
ricinus, castor bean tick, over a 35-year period in the eastern part of its range (Russia, Tula region). 
Med Vet Entomol 29(2):129–136. https ://doi.org/10.1111/mve.12101 
Machado RZ, Montassier HJ, Pinto AA, Lemos EG, Machado MR, Valadao IF et al (1997) An enzyme-
linked immunosorbent assay (ELISA) for the detection of antibodies against Babesia bovis in cattle. 
Vet Parasitol 71(1):17–26
Madruga CR, Aycardi EI, Put N (1983) Epidemiologia da anaplasmose e babesiose em bovinos da região do 
cerrado do Estado de Mato Grosso do Sul. Arq Bras Med Vet Zootec 35(5):631–640
Author's personal copy
 Experimental and Applied Acarology
1 3
Madruga CR, Kessler RH, Gomes A, Schenck MAM, Andrade DE (1985) Níveis de anticorpos e para-
sitemia de Anaplasma marginale em área enzoótica, nos bezerros da raça Nelore, Ibagé e cruzamentos 
Nelore. Pesquisa Agro Bras 20(1):135–142
Madruga CR, Berne MEA, Kessler RH, Gomes RFC, Lima JG, Schenk MAM (1986) Diagnóstico da tris-
teza parasitária bovina no estado de Mato Grosso do Sul: inquérito de opinião. Fundação Cargill/
EMBRAPA-CNPGC, Campinas, p 32
Madruga CR, Honer MR, Schenk MAM, Curvo JBE (1987) Avaliação preliminar de parâmetros epide-
miológicos da tristeza parasitáira bovina no Mato Grosso do Sul (Pesquisa em Andamento n. 38). 
Embrapa-CNPGC, Campo Grande. pp I–7. http://docsa genci a.cnpti a.embra pa.br/bovin odeco rte/pa/
pa38/pa38.pdf. Accessed 10 June 2019
Mahoney DF, Ross DR (1972) Epizootiological factors in the control of bovine babesiosis. Aust Vet J 
48(5):292–298
Perner J, Kropáčková S, Kopáček P, Ribeiro JMC (2018) Sialome diversity of ticks revealed by RNAseq 
of single tick salivary glands. PLoS Negl Trop Dis 12(4):1–17. https ://doi.org/10.1371/journ 
al.pntd.00064 10
Piper EK, Jonsson NN, Gondro C, Lew-Tabor AE, Moolhuijzen P, Vance ME et al (2009) Immunological 
profiles of Bos taurus and Bos indicus cattle infested with the cattle tick, Rhipicephalus (Boophilus) 
microplus. Clin Vaccine Immunol 16(7):1074–1786. https ://doi.org/10.1128/CVI.00157 -09
Quiroz-Castañeda RE, Amaro-Estrada I, Rodríguez-Camarillo SD (2016) Anaplasma marginale: diversity, 
virulence, and vaccine landscape through a genomics approach. Biomed Res Int 2016:9032085. https 
://doi.org/10.1155/2016/90320 85
Ramos IAS, Herrera HM, Fernandes SJ, Amaral RB, Zanatto DCS et al (2019) Genetic diversity of Ana-
plasma marginale in beef cattle in the Brazilian pantanal. Ticks Tick-Borne Dis 10:805–814. https ://
doi.org/10.1016/j.ttbdi s.2019.03.015
Raoult D, Roux V (1997) Rickettsioses as paradigms of new or emerging infectious diseases. Clin Microbiol 
Rev 10(4):694–719
Ratter JA, Ribeiro JF, Bridgewater S (1997) The Brazilian cerrado vegetation and threats to its biodiversity. 
Ann Bot 80(3):223–230. https ://doi.org/10.1006/anbo.1997.0469
Ristic M (1977) Bovine anaplasmosis. Parasit Protozoa 4:235–249
Silva JB, Gonçalves LR, Varani AM, André MR, Machado RZ (2015) Genetic diversity and molecular phy-
logeny of Anaplasma marginale studied longitudinally under natural transmission conditions in Rio de 
Janeiro, Brazil. Ticks Tick-Borne Dis 7:270–275. https ://doi.org/10.1016/j.ttbdi s.2015.04.002
Scoles GA, Broce AB, Lysyk TJ, Palmer GH (2005) Relative efficiency of biological transmission of Ana-
plasma marginale (Rickettsiales: Anaplasmataceae) by Dermacentor andersoni (Acari: Ixodidae) 
compared with mechanical transmission by Stomoxys calcitrans (Diptera: Muscidae). J Med Entomol 
42:668–675
Smith RD, Evans DE, Martins JR, Cereser VH, Correa BL, Petraccia C et al (2000) Babesiosis (Babesia 
bovis) stability in unstable environments. Ann N Y Acad Sci 916:510–520
Snowball GJ (1956) The effect of self licking by cattle on infestation of cattle tick Boophilus microplus 
(Canestrini). Aust J Agric Res 7(3):227
Sutherst RW, Utech KBW (1981) Controlling livestock parasites with host resistance. CRC Handbook of 
pest management in agriculture, 2nd edn. CRC Press, Boca Raton, pp 385–407
Trunkfield HR, Broom DM (1990) The welfare of calves during handling and transport. Appli Anim Behav 
Sci 28(1):135–152. https ://doi.org/10.1016/0168-1591(90)90050 -N
Verissimo CJ, D’Agostino SM, Pessoa FF, De Toledo LM, Santos IK (2015) Length and density of filiform 
tongue papillae: differences between tick-susceptible and resistant cattle may affect tick loads. Parasit 
Vectors 8:594. https ://doi.org/10.1186/s1307 1-015-1196-4
Wharton RH, Utech KBW (1970) The relation between engorgement and dropping of Boophilus micro-
plus (Casnestrini) (Ixodidae) to the assessment of the tick numbers on cattle. J Aust Entomol Soc 
9(3):171–182
Zucchi RA (1990). In: Crócomo WB (ed) A taxionomia e o manejo de pragas. Manejo integrado de pragas, 
UNESP, São Paulo, pp 57–69
Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Author's personal copy
